Humans have the ability to make motor responses to unpredictable visual stimuli, and do so as a matter of course on a daily basis. We used functional magnetic resonance imaging (fMRI) to examine the neural substrate of this behavior in six cortical motor areas. We found that five of these areas (premotor, cingulate, supplementary motor area, pre-supplementary motor area, and superior parietal lobule) showed increased activation in association with an unpredictable behavior compared to a predictable one; only the motor cortex remained unchanged. There was also a quantitative relation between the response time and functional activation in the premotor and cingulate cortex. There was less activation across all the motor areas with repetition of the motor tasks. With the exception of the pre-supplementary motor area, all areas were significantly lateralized, with a greater volume of activation in the hemisphere contralateral to the performing hand. In addition, a left hemisphere dominance was found in the activation of motor cortex and supplementary motor areas. Our results suggest that activation in motor areas is differentially and quantitatively related to higher order aspects of motor behavior such as movement predictability.
Introduction
In our everyday activities we regularly perform motor tasks which are over-learned, such as tying shoe laces or brushing teeth. Other motor behaviors are the result of pure volition on our part, such as reaching for a glass or picking an apple from a tree. However, in many circumstances we act on the environment in response to an unpredictable visual stimulus, for example taking corrective action when driving or catching a linedrive during a game of baseball. In the present study, we examine the activation in cortical motor areas associated with motor responses to unpredictable visual stimuli.
There has been a great deal of interest in factors thought to affect the functional activation associated with movements of the hand and arm, such as the spatial and temporal complexity (Roland et al., 1980b; Colebatch et al., 1991; Grafton et al., 1992; Matelli et al., 1993; Kawashima et al., 1994a,b; Shibasaki et al., 1993; Sadato et al., 1996) , whether movements were stimulus triggered or internally generated (Roland et al., 1980a; Fox et al., 1985; Deiber et al., 1991 Deiber et al., , 1996 Rao et al., 1993 Rao et al., , 1997 Boecker et al., 1994; Larsson et al., 1996) , and the learning and acquisition of motor skills (Seitz et al., 1990 (Seitz et al., , 1994 Seitz and Roland, 1992; Jenkins et al., 1994; Schlaug et al., 1994; Grafton et al., 1995; Deiber et al., 1997; Hazeltine et al., 1997; Jueptner et al., 1997a,b; Shadmehr and Holcomb, 1997) . However, to our knowledge there have not been any
